Just as smart but not as successful: obese students obtain lower school grades but equivalent test scores to nonobese students C MacCann 1 and RD Roberts 2 OBJECTIVE: The obesity epidemic in industrialized nations has important implications for education, as research demonstrates lower academic achievement among obese students. The current paper compares the test scores and school grades of obese, overweight and normal-weight students in secondary and further education, controlling for demographic variables, personality, ability and well-being confounds. PARTICIPANTS: This study included 383 eighth-grade students (49% female; study 1) and 1036 students from 24 community colleges and universities (64% female, study 2), both drawn from five regions across the United States. MEASURES: In study 1, body mass index (BMI) was calculated using self-reports and parent reports of weight and height. In study 2, BMI was calculated from self-reported weight and height only. Both samples completed age-appropriate assessments of mathematics, vocabulary and the personality trait conscientiousness. Eighth-grade students additionally completed a measure of life satisfaction, with both self-reports and parent reports of their grades from the previous semester also obtained. Higher education students additionally completed measures of positive and negative affect, and self-reported their grades and college entrance scores. RESULTS: Obese students receive significantly lower grades in middle school (d ¼ 0.83), community college (d ¼ 0.34) and university (d ¼ 0.36), but show no statistically significant differences in intelligence or achievement test scores. Even after controlling for demographic variables, intelligence, personality and well-being, obese students obtain significantly lower grades than normal-weight students in the eighth grade (d ¼ 0.39), community college (d ¼ 0.42) and university (d ¼ 0.31). CONCLUSION: Lower grades may reflect peer and teacher prejudice against overweight and obese students rather than lack of ability among these students.
INTRODUCTION
Claims from multiple sources indicate an 'obesity epidemic' among adolescents of industrialized nations over the last decade, 1 with the proportion of overweight 12 --19 year olds in the United States increasing from 5.0% in 1976 --1980 to 16.3% in 2003 --2006 . 2 Aside from the obvious negative health consequences, the obesity epidemic may also have important consequences for academic achievement. Research demonstrates that obese students show lower achievement at school than healthy-weight students, with some longitudinal designs in the early school grades suggesting a causal relationship. 3 --7 A closer examination of the literature suggests that there may be different findings for different indices of achievement. There are few significant differences in mathematics or reading test scores for overweight and obese students versus nonobese students, suggesting that overweight and obese students are no less able than nonobese students. 6, 8, 9 Despite this, obese students tend to obtain lower school grades than nonobese students. 7, 10, 11 However, existing research has not controlled for ability test scores when examining differences in grades. Obese students may obtain lower grades either because they are less academically able (in which case, differences in grades would be accounted for by ability), or because of other systematic differences between groups unrelated to ability (for example, prejudice against heavier students by teachers, peers or parents 12 --17 ). The current research is the first study to control for both mathematics and vocabulary scores when examining differences in grades.
In addition to ability, several other confounds may influence the relationship between obesity and school grades. First, demographic factors may confound the relationship between obesity and academic performance. Both school performance and obesity differ by socioeconomic status (SES), ethnicity and sex. 2, 18 Geographic region of the United States also relates to both test scores and obesity. 19, 20 Second, personality traits may play a causal role in both school achievement and obesity. The personality trait Conscientiousness has a strong relationship to academic achievement, is inversely related to unhealthy eating behaviors and relates to longevity through health-protection behaviors. 21 --23 Third, emotional well-being relates to both students' weight and their achievement. Overweight and obese adolescents tend to have lower self-esteem and experience a greater degree of negative emotions, which may affect both test scores and grades. 24, 25 Existing studies do not control for the contributions of ability, personality or well-being as measured in proctored psychometric tests. 6, 7, 24 The current study addresses both this need and the need to control for ability test scores when examining the link between obesity and students' grades. Specifically, there are two hypotheses that are expected to hold across both secondary and higher education students:
1. Test scores (mathematics, vocabulary and SAT and ACT scores)
will not differ for obese versus normal-weight students after appropriately accounting for differences in demographic variables (sex, ethnicity, SES and geographical location), conscientiousness and students' well-being. 2. Obese students will obtain significantly lower school grades than healthy-weight students, even after controlling for differences in mathematics and vocabulary scores (as well as demographic variables, conscientiousness and well-being). Combined parent --student variables Both parents and students reported the students' height, weight and report-card grades, and both completed assessments (either self-report or other-report) of the students' life satisfaction and conscientiousness. These variables were combined into a student--parent aggregate to reduce error and also for the purposes of reporting the current findings efficiently (note that when hypotheses were first tested in two separate analyses of studentreported and parent-reported variables, results were similar). The correlation between student-and parent-reported Conscientiousness was r ¼ 0.48 (Po0.01) and the correlation between student-and parent-reported life satisfaction was r ¼ 0.34 (Po0.01).
Student grades. Both students and parents reported the students' grades (from A þ , A, AÀ and so on to Fail) from the previous semester for English, mathematics, science and social studies.
Grades were converted to a 13-point scale from 0 (E or Fail) to 12 (A þ ). Grades were aggregated by taking the first principal component of the eight subject grade variables across self-reports and parent reports. The resulting 'overall grade' variable was thus standardized to a mean of 0, the s.d. of 1.00, with a sample size of 324.
Student BMI. Both parents and students reported the student's height (in feet and inches) and weight (in pounds), and the average of these reports was used to calculate students' body mass index (BMI; weight in kg divided by height in m squared). Self-reports and parent reports correlated at 0.87 for height and 0.91 for weight, with self-reports 0.59 cm taller (t ¼ 2.171, P ¼ 0.031) and 0.14 kg lighter (t ¼ À0.519, P ¼ 0.604) than parent reports (similar to discrepancies between self-reports and physical measures). 28 The 5th, 85th and 95th percentile values from the WHO Reference 2007 male and female growth charts of BMI by age in months were used to delineate underweight, healthy weight, overweight and obesity. 29 Students' conscientiousness. Both students and parents rated the student on 18 conscientiousness-related items (for example, 'I make an effort' or 'My child makes an effort') using a five-point scale. Items were drawn from the Industriousness and Perfectionism facets of the Comprehensive Conscientiousness Scale, as these facets showed the highest correlations with test scores and other academic outcomes. 30 The mean score across self-ratings and parent ratings was used to indicate conscientiousness.
Students' life satisfaction scale. Students responded to the seven items from the students' life satisfaction scale, 31 indicating their satisfaction with life on a 6-point scale (for example, 'My life is going well'). Parents responded to the same seven items, rephrased as other-reports (for example, 'My child's life is going well'). The mean score across self-ratings and parent ratings was used to indicate life satisfaction.
RESULTS AND DISCUSSION
Descriptive statistics Table 1 provides internal consistency estimates (Cronbach's a) and descriptive statistics for vocabulary, mathematics, conscientiousness and life satisfaction scores for the eighth-grade students. All measures show adequate reliability. The mathematics test is more difficult than the vocabulary test (average scores were 58% versus 87%).
Obese students obtain lower grades C MacCann and RD Roberts Relationship between overweight and academic performance Table 2 presents the relationship between weight and achievement in two ways: (1) the correlation of BMI with mathematics, vocabulary and grade point average (GPA), and (2) the mean scores on mathematics, vocabulary and GPA for each weight category (underweight, healthy weight, overweight and obese). In both cases, this relationship is shown both before and after controlling for covariates (that is, as covariate-adjusted means and as partial correlations). The significance of the mean differences was calculated using simple contrasts comparing other groups with the healthy-weight group (using an analysis of variance procedure for unadjusted means, and an analysis of covariance procedure for the covariate-adjusted means). The effect size for the differences between weight groups was calculated using Cohen's d.
32 Table 2 also shows the power of each contrast to detect a medium-sized effect (equivalent to d ¼ 0.50, calculated based on a two-tailed t-test).
Correlations. There was no significant correlation between BMI and vocabulary, either before or after accounting for covariates. There was a very small significant correlation between BMI and mathematics scores, with heavier students showing slightly poorer mathematics scores. However, this was no longer significant after controlling for covariates. Results were different for GPA: a small significant correlation between BMI and GPA remained significant after controlling for covariates.
Mean differences. Obese students had significantly lower mathematics and vocabulary scores than healthy-weight students, with a medium effect size in both cases. However, after controls were accounted for, the effect size for these differences was small, and no longer significant. This decrement in mathematics and vocabulary scores was not observed for overweight students: there was no significant difference between overweight and healthy-weight students on either the vocabulary or the mathematics test. Trends for GPA were different: both obese and overweight students obtained poorer GPA than healthy-weight students, with a large effect size for obese students, and a moderate effect size for overweight students. After controls were accounted for, this difference was still significant and of moderate size for both overweight and obese students.
Conclusions
Results from study 1 support both hypotheses. Intelligence test scores for obese students did not differ from healthy-weight students when covariates were accounted for. However, both overweight and obese students obtained lower grades than their healthy-weight counterparts. This finding cannot be attributed to lower intelligence. Nor can this result be accounted for by lower levels of conscientiousness on the part of the overweight and obese students. However, the sample size for obese students was small. Study 2 will attempt to replicate results in a larger sample, as well as examine whether this trend holds in higher education.
STUDY 2: STUDENTS IN HIGHER EDUCATION
METHOD Procedure All participants undertook proctored computerized testing sessions at a local site, and were reimbursed for their participation in Reliability estimates are calculated for the self-report items only (estimates for the parent-report items were similar). 33 Test takers were required to select from five choices the synonym closest in meaning to a target word. For example: 'Compatible: 1 --abridged, 2 --congenial, 3 --compelling, 4 --related, 5 --combined'.
HEXACO-PI-R. This 96-item test assesses six dimensions of personality, with 16 items per dimension: Honesty/Humility, Emotional Stability, Extraversion, Agreeableness, Conscientiousness and Openness to Experience. 34 The Conscientiousness total score was used as a measure of Conscientiousness (for example, 'I pay attention to details'). Participants rated how accurately each item described them on a five-point scale from 'Very Inaccurate' (1) to 'Very Accurate' (5).
Positive and negative feelings. This 33-item test measures the extent to which students have felt positive and negative emotions in the last month, when engaging in typical school activities. 35 Positive emotions are captured by 14 items (for example, 'I have felt HAPPY') and negative emotions by 19 items (for example, 'I have felt ANXIOUS'). Participants rated how often they felt each emotion in a four-point scale from 'Never or rarely' (1) to 'Usually or Always' (4). Socioeconomic status. SES was derived from taking the first principal component of four variables (mother's education, father's education, number of books in one's childhood home and whether there were encyclopedias in one's childhood home). These questions were drawn from the background variables of the NAEP. Missing cases were replaced with the mean value for each variable.
Population density. Participants were asked to report whether their family home was in a city, suburb, town or rural area.
High-stakes test scores. Participants self-reported the scores they obtained on standardized college entrance tests: EITHER their SAT scores (the sum of the mathematics and verbal components) or their total ACT scores. . In total, 4% of participants were underweight, 50% were of normal weight, 25% were overweight and 21% were obese. Table 3 provides internal consistency estimates (Cronbach's a) and descriptive statistics for intelligence test scores, achievement test scores, students' GPA, conscientiousness and both positive and negative feelings toward school. All measures show adequate reliability.
RESULTS AND DISCUSSION

Descriptive statistics
Relationship between overweight and academic performance As in study 1, Table 4 presents the relationship between achievement and weight in two ways: (1) as the correlation of BMI with each dependent variable (mathematics, vocabulary, SAT and ACT scores as well as GPA in community college, and at university); and (2) as the mean score on each dependent variable for underweight, healthy-weight, overweight and obese students, including whether scores for healthy-weight students are significantly different than those for underweight, overweight or obese students. As in study 1, both forms of the weightachievement relationship are shown with and without accounting for covariates. Table 4 also shows the power to detect a mean difference of medium effect size (d ¼ 0.50).
Correlations. Before controlling for covariates, BMI was significantly correlated with mathematics scores, SAT scores and university GPA. However, after controlling for covariates, BMI was significantly related to both university and community college GPA, but was not significantly related to any of the test scores (mathematics, vocabulary and SAT or ACT scores).
Mean differences. For both the intelligence test scores (mathematics and vocabulary) and the entrance exam scores (SAT and ACT), there were no differences between healthy-weight and obese students, even before controlling for covariates. There were also no significant differences between overweight and healthyweight students. As for the eighth graders, the relationship for grades was different: obese students received significantly lower grades than healthy-weight students both before and after controlling for ability, personality and well-being covariates. Overweight students also received lower grades than healthyweight students at community college, but only after controlling for covariates. Obese students obtain lower grades C MacCann and RD Roberts Both correlations and mean differences analyses suggested a suppressor effect for community college GPA: there was a significant relationship between weight and GPA before accounting for covariates, but this decreased to nonsignificance after covariates were accounted for. We checked whether the suppressor effect was because of cognitive factors (that is, we controlled only for demographics, vocabulary and mathematics in the analysis of covariance) or noncognitive factors (that is, we controlled only for demographics, conscientiousness and feelings toward school in the analysis of covariance). The variables responsible for the suppressor effect are vocabulary and mathematics scores (not conscientiousness, nor positive or negative feelings). That is, differences between students' intelligence are suppressing the effect of obesity on grades in this sample.
Conclusions
Results for study 2 thus provide support for both hypotheses. Although there was no difference in intelligence or achievement tests for obese and healthy-weight students (after controlling for covariates), both community colleges and universities awarded lower grades to obese students than to healthy-weight students.
These lower grades are not because of intelligence, SES, psychological factors like work ethic/achievement drive (that is, conscientiousness) or because of different emotional reactions to school for obese versus healthy-weight students. Given the diversity of the sample (covering 24 different institutions in disparate geographic regions across the United States), the results suggest that this is a real social phenomenon occurring in higher education in the United States at present.
GENERAL DISCUSSION
Results indicate support for both hypotheses: school grades showed much larger discrepancies between healthy-weight and obese students than did test scores, either for intelligence tests (vocabulary and mathematics) or university entrance exams. In fact, both studies showed that there were no differences in test scores between obese and healthy-weight students when covariates were appropriately controlled. For study 2, there were not even any differences in test scores before covariates were considered. Such a result informs the seeming contradiction in previous findings: a difference in achievement is found for grades (replicating Sabia Sex, socioeconomic status (SES), dummy-coded ethnicity, geographical region, Conscientiousness and both positive and negative feelings toward school and negative are entered as covariates for all analyses of covariance (ANCOVAs) and partial correlations. For grades, vocabulary and mathematics scores are also entered as covariates.
b To ensure that d-scores are comparable before and after covariate adjustments, Cohen's d is calculated using the pooled s.d. before adjustment to compare marginal means (rather than the covariate-attenuated standard error). *The t-statistic significant at Po0.05 (based on simple contrasts with healthy weight as the reference). **The t-statistic significant at Po0.01 (based on simple contrasts with healthy weight as the reference).
One possible explanation for our results is that GPA and test scores simply reflect different types of ability, which are open to different influences. Perhaps the cognitive processes required to obtain high grades may be impaired by obesity, but the processes required for obtaining vocabulary and mathematics scores are not. However, considering the nature of the cognitive tests used in both studies makes this argument less compelling. Modern intelligence theory distinguishes between acculturated knowledge (Gc) and fluid reasoning ability (Gf), and both mathematics and vocabulary are closer to Gc rather than Gf. 36 GPA also more strongly reflects Gc than Gf. That is, results are even more compelling given that grades and test scores are both based on the same underlying ability (Gc).
After controlling demographic and personality variables, overweight students have comparable intelligence and scholastic aptitude to healthy-weight students, such that their significantly lower grades do not seem to reflect an inability to master the scholastic material. Several researchers have suggested that overweight students are discriminated against by teachers and other students. 6, 37, 38 This discrimination may lower grades through either direct or indirect pathways. In a direct pathway, teachers may award lower grades to overweight and obese students based on a holistic judgment or attitude toward the student. Neumark-Sztainer et al. 13 demonstrate that a substantial proportion of adolescent educators hold negative beliefs about obese people, believing that obese workers cannot be successful, obese people are untidy and that becoming obese is one of the worst things that can happen to a person. In addition, studies demonstrate that physical education teachers, in particular, have negative beliefs about obese students.
14 Research demonstrates that low teacher expectations can predict student outcomes, and this may well apply in the case of obese students. 39 In an indirect pathway, obese students may obtain less of the teacher's time and resources, get less help from their peers or family, be more frequently excluded from group projects or may be bullied in ways that affect school grades (such as having homework assignments or resources stolen). In support of some of these indirect pathways, research has found that: (1) obese students are more frequently bullied than nonobese students; 12 (2) fifth-and sixth-grade children show a stronger bias against obesity than against any other physical characteristic; 37 and (3) obese students receive less financial support for college from their parents than their nonobese counterparts, irrespective of family economic circumstances. 15, 16 Taken together, it seems plausible that obese students are receiving lower grades because of peer, teacher and even family discrimination and stigma.
One alternative explanation is that obesity may lead to health problems that cause school absences for medical reasons (thus lowering grades through absenteeism). 40 However, absenteeism and lack of learning opportunities should also affect students' scores on mathematics, vocabulary, SAT and ACT tests (as students would not then learn the scholastic content involved in these tests). As there is little difference between obese and healthy-weight students in mathematics, vocabulary, SAT or ACT scores, it is unlikely that absenteeism is the cause of differences in school grades.
A further alternative explanation relates to affective variables such as depression and related negative feelings or lack of positive affect. Depression is a causal factor in overweight and obesity, 41 and negative affect may also be a causal factor in low achievement. 35 However, this pathway was to some extent controlled for by accounting for variables such as life satisfaction (in study 1), and positive and negative affect (in study 2). It is unlikely that depression or negative emotionality account for the lower grades among obese and overweight students, given that broadly similar constructs were controlled for.
An important goal for future research would be to ascertain the causal pathway between overweight/obesity and school grades.
At present, it is not certain whether overweight/obesity causes lower school grades (through social discrimination), or whether lower school grades cause overweight/obesity. It has been suggested that students might overeat as a coping mechanism to feel better after receiving low school grades, 7 although the control for well-being variables makes this a less convincing explanation (as differences in positive and negative feelings are controlled for). Nevertheless, a longitudinal research design would allow testing of causal hypotheses about whether overweight/ obesity causes school grades or vice versa. As the current data collection effort is longitudinal and ongoing, we expect to be able to answer this question as further waves of data become available.
This study demonstrates that overweight and obese students are not obtaining the same grades as their healthy-weight counterparts, despite no clear differences in either mathematics or vocabulary scores. This difference is also unrelated to income level, as SES is held constant. Whatever the causal mechanism, the result is clear: overweight and obese students are not receiving the grades that would be predicted from their test scores, achievement drive and socioeconomic backgrounds. After accounting for controls, the relative difference in grades is nontrivial, with effect sizes of around a third of the s.d.
